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1
METHOD FOR FABRICATING MULTI-GATE
STRUCTURE DEVICE WITH SOURCE AND
DRAIN HAVING QUASI-SOI STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application This application is a U.S. National Stage
Application of International Application No. PCT/CN2013/
084743, filed Sep. 30, 2013, published as W02014/153942
Al, which claims priority from Chinese Patent Application
No. CN201310103543.1, filed Mar. 28, 2013, published as
CN103151269A, which are incorporated herein by reference
in entirety.

FIELD

The present invention relates to a method for fabricating a
multi-gate structure device with a source and a drain having a
quasi-SOI structure, which belongs to a technical field of the
fabrication of ultra large scaled integrated circuits.

BACKGROUND

Nowadays, the semiconductor manufacturing industry has
rapidly developed under the Moore’s law. It is required to
increasingly elevate the performance and integration density
of'the integrated circuits and to decrease the power consump-
tion as much as possible. To fabricate a short channel device
with high performance and low power consumption will be a
focus of the future semiconductor manufacturing industry.
After entering into a technology node of 22 nm, the conven-
tional planar field effect transistors may have increased leak-
age current due to the more and more severed short channel
effect, and thereby cannot meet the development of semicon-
ductor fabrication. In order to overcome the above issues, a
multi-gate structure device has gained wide concerns, since
the multi-gate structure device has excellent gate-control
capability and transferring characteristic, and can increase a
driving current density in a unit area while suppressing the
short channel effect.

Although the multi-gate structure device has outstanding
gate-control capability due to its special geometric construc-
tion, it may still have a large leakage current when its channel
size shrinks to a certain degree, which may seriously affect
the power consumption of the device. An SOl substrate can be
used to decrease the leakage current. However, since the SOI
substrate has a high cost and is distinct from the conventional
bulk silicon, it is rarely used in the fabrication of large scale
integrated circuits.

SUMMARY

In order to solve the difficulty that the multi-gate structure
device, when having a short channel still has a large leakage
current, the present invention aims to provide a method for
fabricating a multi-gate structure device with a source and a
drain having a quasi-SOI structure. A solution of the present
invention can be achieved by using a process method com-
patible with the conventional bulk silicon CMOS process and
can be easily integrated into the process flow. Moreover, the
solution of the present invention can maintain a small leakage
current even in a case of having a short channel length,
thereby reducing the power consumption of the device.

Taking a tri-gate structure device as an example (the
method of the present invention can be applied to a double-
gate device and a tri-gate device), a technical solution of the
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2

present invention for fabricating a multi-gate structure device
with a source and a drain having a quasi-SOI structure
includes the following steps.

a) forming an active region in a shape of a fin bar,

the step of which mainly aims to form a pattern in a fine
strip shape (a shape of a fin bar) in a hard mask by using
a photolithography process, comprising:

i. depositing a silicon oxide layer (with a thickness of 200
A) and a silicon nitride layer (with a thickness of 500 A)
on a surface of a silicon wafer to be used as materials of
the hard mask;

ii. defining the pattern of the fin bar in a fine strip shape by
using a photolithography process;

iii. Transferring the pattern onto the hard mask by using a
dry etching process.

iv. Transferring the pattern onto the silicon wafer by using
the hard mask and removing a photoresist;

b) forming an oxide isolation layer for STI (shallow trench

isolation),

the step of which mainly aims to form an oxide isolation
layer for STI around the active region, comprising:

i. depositing a thick silicon oxide layer (1000 A or more
above the fin bar) as a material for STI;

ii. performing a CMP (chemical mechanical polishing)
process to the silicon oxide layer until stopping at a
surface of the silicon nitride layer, so that the surface of
the silicon nitride layer and a surface of the silicon oxide
layer are flattened;

iii. removing the silicon nitride layer used as the hard mask
by using a wet corrosion process;

iv. etching back the silicon oxide layer in a region of STI by
using a dry etching process so as to form STI;

v. performing a well implantation process and a well
annealing process;

vi. performing an implantation process and annealing pro-
cess for inhibiting a substrate parasite transistor from
being formed;

¢) forming a polysilicon dummy gate,

the step of which mainly aims to reduce a trench width by
sacrificing the sidewalls and then forming a dummy
polysilicon gate line with an ultra narrow line width by
back filling with a polysilicon layer, comprising:

i. forming a silicon oxide layer through a dry oxygen oxi-
dation process to be used as a dummy gate dielectric
layer;

ii. depositing a thick (1000 A or more above the fin bar)
polysilicon layer as a gate material layer;

iii. performing a CMP process to flatten the polysilicon
layer until stopping at a certain height from the top ofthe
fin bar;

iv. depositing a silicon oxide layer (with a thickness of 300
A) as a hard mask layer for a gate line;

v. forming a hard mask line and the gate line through a
photolithography process and an etching process;

d) forming source and drain extension regions,

the step of which mainly aims to form a source and a drain
of the multi-gate structure device, comprising:

i. depositing a very thin (50 A) silicon oxide layer as an
offset material layer;

ii. performing an implantation process and an annealing
process for the source and drain extension regions;

iii. depositing a silicon oxide layer (100 A) and etching
back it by using a dry etching process so as to form
silicon oxide sidewalls;
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e) forming the source and the drain with the quasi-SOI

structure, comprising:

i. etching the silicon wafer in the source and the drain until
stopping under a surface of the region of STI;

ii. depositing a silicon nitride layer (150 A) and etching
back it by using a dry etching process to form silicon
nitride sidewalls, which are formed only at outer sur-
faces of the silicon oxide sidewalls, while the silicon
nitride layer within a trench between regions of STI in
the source and the drain is completely removed;

iii. etching the silicon within the trench of the source and
the drain regions once again to a certain depth (20-30
nm) by using an anisotropic dry etching process;

iv. forming a silicon oxide layer in the trench of the source
and the drain through a wet oxidation process to be used
as an isolation layer in the quasi-SOI structure;

v. performing a wet corrosion process to remove the silicon
nitride sidewalls;

vi. doping an epitaxial monocrystalline silicon layer in situ
to form a highly-doped lifted source and drain;

vii. performing an implantation process and an annealing
process for the source and the drain;

f) forming a high-k (“high-k” refers to a material having a

high dielectric constant) metal gate,

the step of which mainly aims to form the high-k metal gate
by removing the dummy gate and the dummy gate
dielectric layer and back-filling with a high-k metal gate
material layer, comprising:

i. depositing a silicon oxide layer (4000 A) as a dielectric
layer;

ii. performing a CMP process to the silicon oxide layer
until stopping at a surface of the polysilicon, so that a
surface of the silicon oxide layer and the surface of the
polysilicon are flattened;

iii. removing the polysilicon dummy gate through a wet
corrosion process;

iv. removing the dummy gate dielectric layer of silicon
oxide through a wet corrosion process;

v. forming a transition layer of silicon oxide and a high-k
gate dielectric layer of HfO, through an atomic layer
deposition process;

vi. forming a metal work function adjusting layer of TiN
through an atomic layer deposition process;

vii. forming a metal gate material layer of Al through a
physical vapor deposition process;

viii. performing a CMP process to the metal gate material
layer of Al until stopping at the surface of the silicon
oxide layer, so that the surface of the silicon oxide layer
and a surface of Al are flattened;

ix. forming contact holes by using a photolithography pro-
cess and an etching process;

x. forming metal contacts and performing an alloying pro-
cess.

The present invention has the following technical effects.

The solution of the present invention can be achieved by

using a process method compatible with the conventional
bulk silicon CMOS process and can be easily integrated into
the process flow. Moreover, the solution of the present inven-
tion can maintain a small leakage current even in a case of
having a short channel length, thereby reducing the power
consumption of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a structure of the device after
a fin bar is formed.
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FIG. 2 is a schematic view of a structure of the device after
a silicon oxide layer used for isolation is subjected to a CMP
process.

FIG. 3 is a schematic view of a structure of the device after
an isolation region and an active region are formed.

FIG. 4 is a schematic view of a structure of the device after
a dummy gate is formed.

FIG. 5 is a schematic view of a structure of the device after
an offset layer and sidewalls are formed.

FIG. 6 is a schematic view of a structure of the device after
atrenchis formed between STI regions in each of'a source and
a drain.

FIG. 7 is a schematic view of a structure of the device after
silicon nitride sidewalls are formed.

FIG. 8 is a cross-sectional view in an AA direction of the
device of FIG. 7.

FIG. 9 is a cross-sectional view in a BB direction of the
device of FIG. 7.

FIG. 10is a schematic view of a structure of the device after
performing an anisotropic dry etching process once again.

FIG. 11 is a cross-sectional view in an AA direction of the
device in FIG. 10.

FIG. 12 is a cross-sectional view in a BB direction of the
device in FIG. 10.

FIG. 13 is a schematic view of a structure of the device after
a quasi-SOI structure is formed in the source and the drain by
a wet oxidation process.

FIG. 14 is a cross-sectional view in an AA direction of the
device in FIG. 13.

FIG. 15 is a cross-sectional view in a BB direction of the
device in FIG. 13.

FIG. 16 is a schematic view of a structure of the device after
the silicon nitride sidewalls are removed by a wet corrosion
process.

FIG. 17 is a cross-sectional view in an AA direction of the
device in FIG. 16.

FIG. 18 is a cross-sectional view in a BB direction of the
device in FIG. 16.

FIG. 19is a schematic view of a structure of the device after
an epitaxial monocrystalline silicon layer is formed as a lifted
source and drain.

FIG. 20is a schematic view of a structure of the device after
a silicon oxide dielectric layer is subjected to a CMP process.

FIG. 21 is a schematic view of a structure of the device after
a high-k metal gate is formed.

FIG. 22 illustrates the materials used herein.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, the present invention will be described in
detail in conjunction with specific embodiments. A process
for fabricating a multi-gate structure device with an ultra
short channel according to the present invention will be given.
The process will be described by example of a tri-gate struc-
ture device, which does not limit the scope of the present
invention in any way.

An n-type tri-gate field effect transistor, which has a fin bar
with a width of 10 nm, a height of 30 nm and a channel length
of 25 nm, is fabricated according to the following steps.

1. A silicon oxide layer of 200 A is deposited on a silicon
substrate through a low pressure chemical vapor deposition
process.

2. A silicon nitride layer of 500 A is deposited on the silicon
oxide layer through a low pressure chemical vapor deposition
process.
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3. A fin bar with a width of 20 nm is defined through a
photolithography process.

4. The silicon nitride layer of 500 A is subjected to an
anisotropic dry etching process.

5. The silicon oxide layer of 200 A is subjected to an
anisotropic dry etching process.

6. The silicon substrate of 3000 A is subjected to an aniso-
tropic dry etching process, as shown in FIG. 1.

7. A photoresist is removed.

8. A silicon oxide layer of 5000 A is deposited on the
silicon substrate through a low pressure chemical vapor depo-
sition process.

9. The silicon oxide layer is flattened through a CMP
(chemical mechanical polishing) process until stopping at the
silicon nitride layer used as a hard mask, as shown in FIG. 2.

10. The silicon nitride layer of 500 A is subjected to an
isotropic wet corrosion process by using a hot phosphoric
acid solution.

11. The silicon oxide of 1000 A is subjected to an aniso-
tropic dry etching process to expose the silicon substrate of
300 A, which is used as an active region, as shown in FIG. 3.

12. A P-well implantation with B is performed. The
implantation energy is 100 keV; the implantation angle is O
degree; and the implantation dosage is le13 cm™2.

13. A P-well implantation with B is performed. The
implantation energy is 60 keV; the implantation angle is O
degree; and the implantation dosage is le13 cm™2.

14. A P-well implantation with B is performed. The
implantation energy is 20 keV; the implantation angle is O
degree; and the implantation dosage is 1e13 cm™2.

15. The well is driven-in and activated. A RTA (rapid
thermal annealing) process is performed at a temperature of
1050 degrees for 20 seconds.

16. An implantation with B for suppressing a substrate
parasite transistor is performed. The implantation energy is 8
keV; the implantation angle is 0 degree; and the implantation
dosage is 1e13 cm ™.

17. Impurities implanted for suppressing the substrate
parasite transistor. A laser annealing process is performed at
a temperature of 1100 degrees for 1 ns.

18. The silicon substrate is subjected to a surface treatment
by using an HF solution.

19. A dry oxygen oxidation process is performed to form an
oxide layer of 20 A to be used as a dummy gate dielectric
layer.

20. A polysilicon layer of 1000 A is deposited through a
low pressure chemical vapor deposition process to be used as
a dummy gate material layer.

21. The polysilicon layer is flattened through a CMP
(chemical mechanical polishing) process until stopping at a
position of 300 A above a top of the fin bar.

22. A silicon oxide layer of 300 A is deposited through a
low pressure chemical vapor deposition process to be used as
a hard mask material layer for a gate line,

23. The gate line, which has a width of 25 nm, that is, a
physical gate length of 25 nm, is defined by a photolithogra-
phy process.

24. The silicon oxide layer of 300 A is subjected to an
anisotropic dry etching process to form a hard mask line.

25. The polysilicon layer of 3000 A and the silicon oxide
layer of 20 A are subjected to an anisotropic dry etching
process to form a dummy gate, as shown in FIG. 4.

26. A silicon oxide layer of 50 A is deposited through a low
pressure chemical vapor deposition process to be as an offset
material layer.

27. An implantation with As is performed for source and
drain extension regions. The implantation energy is 5 keV; the
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implantation angle is 20 degrees; and the implantation dosage
is 1e15 cm™2. The implantation is performed twice.

28. Impurities in the source and drain extension regions are
activated. A laser annealing process is performed at a tem-
perature of 1100 degrees for 1 ns.

29. A silicon oxide layer of 100 A is deposited through a
low pressure chemical vapor deposition process to be as a
sidewall material layer.

30. The silicon oxide layer of 150 A is subjected to an
anisotropic dry etching process to form sidewalls and to
expose the silicon substrate in the source and the drain, as
shown in FIG. 5.

31. The silicon substrate of 400 A is subjected to an aniso-
tropic dry etching process to form a trench between STI
regions in each of the source and drain, as shown in FIG. 6.

32. A silicon nitride layer of 150 A is deposited through a
low pressure chemical vapor deposition process to be used as
a sidewall material layer.

33. The silicon nitride layer of 250 A is subjected to an
anisotropic dry etching process to form sidewalls and to
expose the silicon substrate in the source and drain regions, as
shown in FIG. 7, where a cross-sectional view in AA direction
is shown in FIG. 8 and a cross-sectional view in BB direction
is shown in FIG. 9.

34. The silicon substrate of 100 A is subjected to an aniso-
tropic dry etching process once again, as shown in FIG. 10,
where a cross-sectional view in AA direction is shown in FIG.
11 and a cross-sectional view in BB direction is shown in FIG.
12.

35. A silicon oxide layer of 200 A is formed within the
trench in the source and drain through a wet oxidation pro-
cess, as shown in FIG. 13, where a cross-sectional view in AA
direction is shown in FIG. 14 and a cross-sectional view in BB
direction is shown in FIG. 15.

36. The silicon nitride layer of 150 A is subjected to an
isotropic wet corrosion process by using a hot phosphoric
acid solution, as shown in FIG. 16, where a cross-sectional
view in AA direction is shown in FIG. 17 and a cross-sec-
tional view of FIG. 16 in BB direction is shown in FIG. 18.

37. An epitaxial monocrystalline silicon layer is doped in
situ to form a highly-doped lifted source and drain. An epi-
taxial thickness is 500 A and a doping concentration is 1e20
cm™>. A shape of the lifted source and drain formed of the
epitaxial monocrystalline silicon are in connection with a
crystal face of a silicon wafer and a crystal orientation of a
channel. Herein, a device with a crystal orientation of <100>
on a crystal face of (100) is taken as an example, as shown in
FIG. 19.

38. An implantation with As for the source and drain is
performed. The implantation energy is 10 keV; the implanta-
tion angle is 0 degree; and the implantation dosage is 2e15
cm™2

39. Impurities in the source and drain regions are activated.
A laser annealing process is performed at a temperature of
1100 degrees for 1 ns.

40. A silicon oxide layer of 1000 A is deposited through a
low pressure chemical vapor deposition process to be used as
a dielectric layer.

41. The silicon oxide layer is flattened by a CMP (chemical
mechanical polishing) process until stopping at the polysili-
con layer, as shown in FIG. 20.

42. The polysilicon layer of 400 A is subjected to an iso-
tropic wet corrosion process by using a TMAH solution.

43. The silicon oxide layer of 20 A is subjected to an
isotropic wet corrosion by using a HF solution.

44. A surface of the channel is highly-doped by using
plasma impurity doping technology, silicon epitaxy in-situ
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doping technology or monomolecular layer doping technol-
ogy. A dosage for the doping is 1e15 cm™2.

45. A silicon oxide layer of 100 A is deposited through an
atomic layer deposition process.

46. Impurities in the channel region are activated by a laser
annealing process at 1100 degrees for 1 ns.

47. The silicon oxide of 100 A is subjected to an isotropic
wet corrosion process by using a HF solution.

48. A silicon oxide layer of 8 A is deposited through an
atomic layer deposition process.

49. A hafnium oxide layer of 20 A is deposited through an
atomic layer deposition process.

50. A titanium nitride of 50 A is deposited through an
atomic layer deposition process.

51. An aluminum layer of 500 A is deposited through a
physical sputtering process. The aluminum layer is flattened
by a CMP (chemical mechanical polishing) process until
stopping at the silicon oxide layer, as shown in FIG. 21.

52. Contact holes and metal contacts are formed at the
source and drain.

53. An alloying process is performed.

The embodiments described above are not intended to limit
the present invention. Any modifications and changes may be
made by those skilled in the art without departing from the
spirit and scope of the present invention. Therefore, the scope
of the present invention is defined by the following claims.

What is claimed is:

1. A method for fabricating a multi-gate structure device
with a source and a drain having a quasi-SOI structure,
wherein the method comprises:

forming an active region in a shape of a fin bar, comprising:

depositing a silicon oxide layer and a silicon nitride
layer on a surface of a silicon wafer to be used as
materials for a hard mask;

defining a pattern of the fin bar in a fine strip shape by a
photolithography process;

transferring the pattern onto the hard mask by using a dry
etching process;

transferring the pattern onto the silicon wafer by using
the hard mask and removing a photoresist;

forming an oxide isolation layer for shallow trench isola-

tion (STI), comprising:

depositing a silicon oxide layer as a material for STI;

performing a CMP process to the silicon oxide layer
until stopping at a surface of the silicon nitride layer,
so that the surface of the silicon nitride layer and a
surface of the silicon oxide layer are flattened;

removing the silicon nitride layer used as the hard mask
by using a wet corrosion process;

etching back the silicon oxide layer in a region of ST1 by
using a dry etching process so as to form STI;

performing a well implantation process and a well
annealing process; and

performing an implantation process and an annealing
process for inhibiting a substrate parasite transistor
from being formed;

forming a polysilicon dummy gate, comprising:

forming a silicon oxide layer through a dry oxygen oxi-
dation process to be used as a dummy gate dielectric
layer;

depositing a polysilicon layer as a gate material layer;

performing a CMP process to flatten the polysilicon
layer until stopping at a certain height from a top of
the fin bar;

depositing a silicon oxide layer as a hard mask layer for
a gate line; and
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performing a photolithography process and an etching

process to form a hard mask line and the gate line;
forming source and drain extension regions, comprising:

depositing a silicon oxide layer as an offset material
layer;

performing an implantation process for the source and
drain extension regions; and

depositing a silicon oxide layer and etching back it by
using a dry etching process so as to form silicon oxide
sidewalls;

forming the source and the drain with the quasi-SOI struc-

ture, comprising:

etching the silicon wafer in the source and the drain until
stopping under a surface of the region of STI;

depositing a silicon nitride layer and etching back it by
using a dry etching process to form silicon nitride
sidewalls, which are formed only at outer surfaces of
the silicon oxide sidewalls, while the silicon nitride
layer within a trench between regions of STI in the
source and the drain is completely removed;

etching the silicon wafer within the trench of the source
and the drain once again to a certain depth by using an
anisotropic dry etching process;

forming a silicon oxide layer in the trench of the source
and the drain through a wet oxidation process to be
used as an isolation layer in the quasi-SOI structure;

performing a wet corrosion process to remove the silicon
nitride sidewalls;

doping an epitaxial monocrystalline silicon layer in situ
to form a highly-doped lifted source and drain; and

performing an implantation process and an annealing
process for the source and drain;

forming a high-k metal gate, comprising:

depositing a silicon oxide layer as a dielectric layer;

performing a CMP process to the silicon oxide layer
until stopping at the surface of the polysilicon layer,
so that a surface of the silicon oxide layer and the
surface of the polysilicon layer are flattened;

removing the polysilicon dummy gate through a wet
corrosion process;

removing the dummy gate dielectric layer of silicon
oxide through a wet corrosion process;

forming a transition layer of silicon oxide and a high-k
gate dielectric layer of HfO, through an atomic layer
deposition process;

forming a metal work function adjusting layer of TiN
through an atomic layer deposition process;

forming a metal gate material layer of Al through a
physical vapor deposition process;

performing a CMP process to the metal gate material
layer of Al until stopping at the surface of the silicon
oxide layer, so that the surface of the silicon oxide
layer and a surface of Al are flattened;

forming contact holes by using a photolithography pro-
cess and an etching process; and

forming metal contacts and performing an alloying pro-
cess.

2. The method for fabricating the multi-gate structure
device with the source and the drain having the quasi-SOI
structure of claim 1, wherein in the step of depositing the
materials for the hard mask, the silicon oxide layer has a
thickness of about 200 A and the silicon nitride layer has a
thickness of about 500 A.

3. The method for fabricating the multi-gate structure
device with the source and the drain having the quasi-SOI
structure of claim 1, wherein in the step of depositing a



US 9,356,124 B2

9

polysilicon layer as a gate material layer, the silicon oxide
layer has a thickness more than about 1000 A higher than a
height of the fin bar.

4. The method for fabricating the multi-gate structure
device with the source and the drain having the quasi-SOI
structure of claim 1, wherein in the step of depositing a silicon
oxide layer as a hard mask layer for a gate line, the silicon
oxide layer has a thickness of about 300 A.

5. The method for fabricating the multi-gate structure
device with the source and the drain having the quasi-SOI
structure of claim 1, wherein in the step of depositing a silicon
oxide layer as an offset material layer, the silicon oxide layer
has a thickness of about 50 A.

6. The method for fabricating the multi-gate structure
device with the source and the drain having the quasi-SOI
structure of claim 1, wherein in the step of depositing and
etching a silicon oxide layer to form silicon oxide sidewalls,
the silicon oxide layer has a thickness of about 100 A.

7. The method for fabricating the multi-gate structure
device with the source and the drain having the quasi-SOI
structure of claim 1, wherein in the step of depositing and
etching a silicon nitride layer to form silicon nitride sidewalls,
the silicon nitride layer has a thickness of about 150 A.

8. The method for fabricating the multi-gate structure
device with the source and the drain having the quasi-SOI
structure of claim 1, wherein in the step of etching using an
anisotropic dry etching process, the depth is 20-30 nm.

9. The method for fabricating the multi-gate structure
device with the source and the drain having the quasi-SOI
structure of claim 1, wherein in the step of depositing and
etching a silicon oxide layer to form silicon oxide sidewalls,
the silicon oxide layer has a thickness of about 4000 A.

10. A method for fabricating a multi-gate structure device
with a source and a drain having a quasi-SOI structure,
wherein the method comprises:

forming an active region in a shape of a fin bar, comprising:

depositing a silicon oxide layer and a silicon nitride
layer on a surface of a silicon wafer to be used as
materials for a hard mask;

defining a pattern of the fin bar in a fine strip shape by a
photolithography process;

transferring the pattern onto the hard mask by using a dry
etching process;

transferring the pattern onto the silicon wafer by using
the hard mask and removing a photoresist;

forming an oxide isolation layer for shallow trench isola-

tion (STI), comprising:
depositing a silicon oxide layer as a material for STI;
forming a polysilicon dummy gate, comprising:
forming a silicon oxide layer through a dry oxygen oxi-
dation process to be used as a dummy gate dielectric
layer;
depositing a polysilicon layer as a gate material layer;
performing a CMP process to flatten the polysilicon
layer until stopping at a certain height from a top of
the fin bar;
depositing a silicon oxide layer as a hard mask layer for
a gate line; and
performing a photolithography process and an etching
process to form a hard mask line and the gate line;
forming source and drain extension regions, comprising:
depositing a silicon oxide layer as an offset material
layer;
performing an implantation process for the source and
drain extension regions; and
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depositing a silicon oxide layer and etching back it by
using a dry etching process so as to form silicon oxide
sidewalls;

forming the source and the drain with the quasi-SOI struc-

ture, comprising:

etching the silicon wafer in the source and the drain until
stopping under a surface of the region of STI;

depositing a silicon nitride layer and etching back it by
using a dry etching process to form silicon nitride
sidewalls, which are formed only at outer surfaces of
the silicon oxide sidewalls, while the silicon nitride
layer within a trench between regions of STI in the
source and the drain is completely removed;

etching the silicon wafer within the trench of the source
and the drain once again to a certain depth by using an
anisotropic dry etching process;

forming a silicon oxide layer in the trench of the source
and the drain through a wet oxidation process to be
used as an isolation layer in the quasi-SOI structure;

performing a wet corrosion process to remove the silicon
nitride sidewalls;

doping an epitaxial monocrystalline silicon layer in situ
to form a highly-doped lifted source and drain; and

performing an implantation process and an annealing
process for the source and drain;

forming a high-k metal gate.

11. The method of claim 10, wherein in the step of depos-
iting the materials for the hard mask, the silicon oxide layer
has a thickness of 200 A and the silicon nitride layer has a
thickness of about 500 A.

12. The method of claim 11, wherein in the step of depos-
iting a polysilicon layer as a gate material layer, the silicon
oxide layer has a thickness more than about 1000 521 higher
than a height of the fin bar.

13. The method of claim 12, wherein in the step of depos-
iting a silicon oxide layer as a hard mask layer for a gate line,
the silicon oxide layer has a thickness of about 300 A.

14. The method of claim 13, wherein in the step of depos-
iting a silicon oxide layer as an offset material layer, the
silicon oxide layer has a thickness of about 50 A.

15. The method of claim 14, wherein in the step of depos-
iting and etching a silicon oxide layer to form silicon oxide
sidewalls, the silicon oxide layer has a thickness of about 100
A

16. The method of claim 15, wherein in the step of depos-
iting and etching a silicon nitride layer to form silicon nitride
sidewalls, the silicon nitride layer has a thickness of 150 A.

17. The method of claim 16, wherein in the step of etching
using an anisotropic dry etching process, the depth is about 20
nm to about 30 nm.

18. The method of claim 10, wherein in the step of depos-
iting and etching a silicon oxide layer to form silicon oxide
sidewalls, the silicon oxide layer has a thickness of about
4000 A.

19. The method of claim 10 wherein the step of forming the
high-k metal gate comprises:

depositing a silicon oxide layer as a dielectric layer;

performing a CMP process to the silicon oxide layer until

stopping at the surface of the polysilicon layer, so that a
surface of the silicon oxide layer and the surface of the
polysilicon layer are flattened;

removing the polysilicon dummy gate through a wet cor-

rosion process;

removing the dummy gate dielectric layer of silicon oxide

through a wet corrosion process;
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forming a transition layer of silicon oxide and a high-k gate
dielectric layer of HfO, through an atomic layer depo-
sition process;
forming a metal work function adjusting layer of TiN
through an atomic layer deposition process;
forming a metal gate material layer of Al through a physical
vapor deposition process;
performing a CMP process to the metal gate material layer
of Al until stopping at the surface of the silicon oxide
layer, so that the surface of the silicon oxide layer and a
surface of Al are flattened;
forming contact holes by using a photolithography process
and an etching process; and
forming metal contacts and performing an alloying pro-
cess.
20. The method of claim 12, wherein in the step of depos-
iting and etching a silicon nitride layer to form silicon nitride
sidewalls, the silicon nitride layer has a thickness of 150 A.
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